Abstract It is well established that endurance performance is negatively affected by environmental heat stress due to a complex interaction of physical, physiological and psychological alterations. Numerous scientific investigations have attempted to improve performance in the heat with precooling (cooling prior to an exercise test), and as such this has become a well-established ergogenic practice for endurance athletes. However, the use of mid-cooling (cooling during an exercise test) has received considerably less research attention in comparison, despite recent evidence to suggest that the advantage gained from mid-cooling may outweigh that of pre-cooling. A range of mid-cooling strategies are beneficial for endurance performance in the heat, including the ingestion of cold fluids and ice slurry, both with and without menthol, as well as cooling of the neck and face region via a cooling collar or water poured on the head and face. The combination of pre-cooling and mid-cooling has also been effective, but few comparisons exist between the timing and type of such interventions. Therefore, athletes should experiment with a range of suitable mid-cooling strategies for their event during mock competition scenarios, with the aim to determine their individual tolerable limits and performance benefits. Based on current evidence, the effect of mid-cooling on core temperature appears largely irrelevant to any subsequent performance improvements, while cardiovascular, skin temperature, central nervous system function and psychophysiological factors are likely involved. Research is lacking on elite athletes, and as such it is currently unclear how this population may benefit from mid-cooling.
Introduction
It has been well established that endurance performance is negatively affected by environmental heat stress [1, 2] . Importantly for endurance athletes, it is common for major annual international sporting competitions to be held in hot conditions. For example, annual events such as the Hawaii Ironman triathlon world championships, the Tour de France cycling stage race and Das Sables marathon are often held in ambient temperatures of greater than 30°C. Further, hot conditions are expected at upcoming major sporting competitions, including the 2020 Olympics in Tokyo and 2022 FIFA World Cup in Qatar. As such, guidelines have recently been published relative to training and competing in the heat [3] , and endurance athletes and coaches are pursuing evidence-based methods that enhance performance in such conditions.
Great research interest has also been sparked in the area of cooling the body to improve endurance sports performance in the heat [4] . Following positive yet anecdotal feedback from Australian athletes using ice jackets at the 1996 Atlanta Olympic games, scientists began experimenting with various methods to reduce body temperature and improve exercise performance [5] . Since this time, researchers have frequently investigated the effects of cooling prior to an exercise test (pre-cooling), as demonstrated by 98 original investigations and 13 focused reviews on the topic to date (see Table 1 ). Besides cooling garments, other methods explored include exposure to cold air, cold-water immersion and the ingestion of cold fluids, ice or a combination of both (ice slurry) [4] . It has been well noted that many of these methods present limitations of practicality in the field, e.g. access to ice, large volumes of water, electricity and/or hindrance to pre-exercise activities or warm up [5] . Due to the popularity of the topic, however, studies that do not fit the mould of classic precooling research (but may present greater practicality) have likely received considerably less exposure and translation to sports practice.
Investigations of cooling during an exercise test (midcooling) have been sparse in comparison to pre-cooling [4] . Only 19 original investigations have been performed on the topic of mid-cooling alone, a further five investigations combined both pre-cooling and mid-cooling strategies and a further two reviews have briefly discussed mid-cooling yet are predominantly focused toward pre-cooling [4, 6] . One of those reviews reported that pre-cooling and midcooling are equally effective at improving endurance performance in the heat, despite the absence of a direct empirically informed comparison within the literature at the time of publication [6] . Since this time, new comparisons utilising robust and externally valid experimental designs suggest that the advantage gained from mid-cooling can outweigh that of pre-cooling [7, 8] . While the mechanisms of performance improvement between precooling and mid-cooling are somewhat related, they should be discussed separately considering pre-cooling is largely focussed toward reducing the core temperature, while most mid-cooling interventions do not affect core temperature [6] . Therefore, this review will summarise the existing mid-cooling literature in regards to performance, the proposed mechanisms of any performance improvements and practical considerations for the use of mid-cooling in endurance sporting competition.
Literature Search Methods
Searching was carried out within the databases PubMed and MEDLINE up to July 2016. Search terms included cooling, mid-exercise, during exercise, per-cooling, as well as the various individual methods of cold fluid, ice slurry, cooling collar and ice jacket, etc. Inclusion criteria as a mid-cooling investigation stipulated that investigations must have implemented a cooling strategy during an exercise test of either time to exhaustion or a time trial performance task. Ingestion of tepid fluid ([10°C) was not considered to be a cooling strategy. Subjects of all abilities were included from both the sport and occupational settings, and while the majority of studies were performed in a hot environment ([30°C), investigations performed in neutral-warm environments (20-30°C) were also included.
Mid-cooling and Endurance Performance
For the purposes of this review, mid-cooling is defined as the application of cooling during a test of endurance performance or capacity. In a previous review, mid-cooling was referred to as per-cooling, which likely contributed to some confusion with the practice of pre-cooling [6] . Most Searching was undertaken within the databases PubMed and MED-LINE. Articles were considered relevant if they were focussed toward cooling the body prior to (but not during) exercise in humans. Once a study was identified, it was not included in any subsequent searches recently, however, the term mid-cooling has been used exclusively by authors exploring the efficacy of cooling during exercise to augment performance. Consequently, mid-cooling will be used throughout this review and should be considered analogous to per-cooling and related nomenclature representing cooling administered during exercise. While many investigations have employed cooling practices during a warm up or pre-load exercise bout prior to a subsequent test, these interventions have been classically considered examples of pre-cooling [9] . The effects of mid-cooling may differ from pre-cooling since such strategies act to cool the body when already under heat stress, with an immediate impact on performance [10] . Importantly, mid-cooling can be repeated throughout exercise and in the most important moments of competition where the results are decided. Mid-cooling strategies must be highly practical to be performed during exercise, including external methods such as application of a cooling garment or collar [10] [11] [12] as well as internal methods such as the ingestion of cold beverages [13, 14] . It should be noted, however, that the use of such strategies could have their own practical limitations. Upon review of the literature, the exercise task used appeared to have affected the results, and hence, the use of time to exhaustion and time trial tasks will be addressed separately.
Mid-cooling and Time to Exhaustion
The first mid-cooling investigations to consider potential changes in performance assessed endurance capacity with time to exhaustion protocols [10, 15, 16] . A summary of the investigations that assessed the effect of mid-cooling on time to exhaustion appears in Table 2 . Most notably, continuous facial fanning with additional facial water spraying at 30-s intervals during cycling exercise at 75 % maximal oxygen uptake (VO 2max ) significantly increased time to exhaustion by 51 % [15] . Other mid-cooling induced improvements in exercise capacity have varied between 9 and 18 % (see Table 2 ) with strategies such as cold fluid ingestion [16] , application of cooling garments [12, 17, 18] , a neck cooling collar [10] and continuous facial fanning [19] . Researchers have also experimented with menthol application during exercise to investigate the effect of a change in thermal perception without changes in thermal state (body temperature). The use of a menthol mouth rinse [20] or menthol applied to the face via topical gel [19] has been shown to improve exercise capacity by 9 % in trained athletes and 18-21 % in untrained participants, respectively. Only one study observed no change in exercise capacity, in which cooling was directed to the palms of the hands during a running time to exhaustion protocol at 75 % VO 2max [21] . In contrast, another study observed significantly faster 30-km cycling time trial performance with mid-cooling by continuous palm cooling [22] . Hence, the majority of mid-cooling and time to exhaustion research has demonstrated an ergogenic effect.
Mid-cooling and Time Trial Performance
Assessments of the effects of mid-cooling practices on endurance time trial performance may demonstrate a better indicator of real-world endurance sports performance with greater reliability and validity than time to exhaustion protocols [23] . A summary of the investigations that assessed the effect of mid-cooling on time trial performance appears in Table 3 . The application of wind at 15 kmÁh -1 for the majority of a 15-km cycling time trial in the heat improved performance by 4 % [24] . This finding demonstrated the importance of simulating outdoor convection load during such studies within laboratory-based research, and should be considered when evaluating the research relative to external validity of the findings (see Tables 2, 3, 4) . A series of investigations performed in the same laboratory investigated the effects of continuous neck cooling via a cooling collar [25] [26] [27] . In each instance, the intervention was imposed both during a pre-load (75 min at 60 % VO 2max ) and in a subsequent running time trial of 15 min duration. Collectively, the researchers observed significant increases in running distance by 5-7 %, with these improvements also accompanied by significant reductions in neck skin temperature and thermal sensation. Performance improvements were similar regardless of whether the collar was replaced every 30 min [26] . Hence, the use of a cooling collar is likely a highly practical and effective mid-cooling method.
Not all mid-cooling strategies have been effective, as a cooling jacket worn continuously during a 5-km running time trial in temperate conditions (25°C) was not performance enhancing [28] . Further, menthol sprayed on the jersey at the 10-km mark of a 16.1-km cycling time trial in the heat did not improve performance time, despite significantly improving perceptual measures of exertion, thermal sensation and thermal comfort [29] . Similarly, various concentrations of menthol applied to the clothing prior to a cycling [30] or running [31] time trial were also ineffective. Therefore, it appears that menthol has an important cooling effect when applied orally or to the facial surfaces that cannot be replicated when applied to the rest of the body.
Recent comparisons between mid-cooling and precooling have aimed to identify potential differences between these strategies. During a 5-km running time trial in the heat, a performance improvement of 3 % was observed with mid-exercise facial water spray (once per kilometre) and pre-exercise cold-water immersion (30 min at 24°C) [7] . However, in a separate comparison with the same protocol, mid-cooling by menthol mouth rinse (once per kilometre) significantly improved running performance by 3 %, while pre-cooling with ice slurry ingestion (7.5 gÁkg -1 ) had no beneficial effect compared with control [32] . Further, the combination of these mid-cooling interventions (menthol mouth rinse and facial water spray) elicited a 3.5 % significant performance improvement, while the combination of the pre-cooling interventions (ice slurry ingestion and cold-water immersion) was not beneficial at improving running performance in a pre-loaded 3-km time trial in the heat [8] . As such, these initial comparisons appear to suggest the use of mid-cooling may be more advantageous then pre-cooling within ecologically valid time trial protocols in some instances. Few direct comparisons exist between mid-cooling interventions within the literature; however, one investigation demonstrated that ad libitum ingestion of cold fluid (4°C) during a 40-km cycling time trial was more effective than ad libitum ingestion of ice slurry (-1°C) [33] , suggesting that maximising the cooling dose does not always lead to improved performance.
Combining Pre-cooling and Mid-cooling
Another experimental design has been to combine both pre-cooling and mid-cooling interventions. A summary of these investigations appears in Table 4 . Ingestion of cold fluid at 4°C (900 mL prior to and 100 mL every 10 min during) significantly improved cycling time to exhaustion duration at 66 % VO 2max by 23 % [34] . However, the ingestion of cold fluid at 4°C (3 9 190 mL prior to and 190 mL every 5 min during exercise) did not improve cycling [13] or simulated duathlon time trial performance [35] . Multiple other trials in the latter investigations demonstrated that the same ingestion regime but with ice slurry, menthol aromatised ice slurry or menthol aromatised cold water were significantly beneficial mid-cooling strategies, with performance improvements in the range of 4-9 % [13, 35] . In both studies, the combination of menthol and ice slurry in a single beverage was the most effective method, contradicting the study discussed above [33] . Only one study observed no positive effects from ice slurry when ingested prior to (15 gÁkg -1 ) and during (ad libitum) a 20-km cycling time trial [14] . The precooling also included ice towels on legs and torso for a duration of 30 min. The null finding may be explained by the implementation of a self-paced pre-load prior to the time trial, during which participants completed more work, resulting in greater fatigue, in the mid-cooling trial. In the only study of its kind, the combination of multiple midcooling and pre-cooling methods improved pre-loaded 3-km running time trial performance in the heat, but to the same extent (3.5 %) as the combination of the mid-cooling iEMG, $ SR methods only [8] . Such a finding suggests that the addition of pre-cooling to frequent mid-cooling may not provide additional benefits; however, this has only been demonstrated in an exercise task of relatively short duration (20-min pre-load and 15-min time trial) [8] .
Summary of the Performance Effects
The majority of mid-cooling research performed to date has demonstrated significant improvements in endurance capacity and performance. Only two methods have been ineffective including application of a cooling vest during running and menthol sprayed externally on the clothing. Indeed, it is apparent that the performance improvements from the mid-cooling interventions tend to be smaller within the time trial (3-9 %) compared with the time to exhaustion tasks (9-51 %). It is currently unclear which mid-cooling strategy may be most ergogenic for endurance exercise performance in the heat because of a lack of comparisons and contradictions between available comparisons.
Proposed Mechanisms of the Performance Improvements
An understanding of the mechanisms contributing to the ergogenic benefits of mid-cooling on endurance performance in the heat is important for athletes and coaches alike to decide which approach may be superior under different circumstances and may assist with the development of more effective strategies. Recent reviews have hypothesised that a combination of cardiovascular and thermoregulatory adjustments (increased heart rate, skin blood flow and skin temperature), central nervous system adjustments (skeletal muscle activation and neurotransmitter activity) and psychophysiological adjustments (thermal sensation and comfort) are largely responsible for heat-mediated fatigue [36] [37] [38] . Therefore, it is likely that an attenuation of these factors is responsible for the maintenance of performance with mid-cooling.
Cardiovascular and Thermoregulatory Adjustments
The original investigations on pre-cooling proposed improvements occurred as a result of reduced thermoregulatory and cardiovascular strain, as their observations included reduced body temperatures, sweat rate, heart rate and oxygen consumption during fixed-intensity protocols [39, 40] . Significant reductions in heart rate have also been demonstrated with the mid-cooling interventions of fanning [24, 41] , ice vest application [11, 17] and cold fluid [42, 43] . The wearing of a cooling garment during exercise has also been shown to significantly lower heart rate during fixed-intensity exercise, while pre-cooling with the garment did not [43] . In contrast to pre-cooling, mid-cooling strategies do not lower the sweat rate during exercise [7, 8, 43] , but this may have positive effects on heat loss [44] . There is strong evidence to suggest that hot skin ([35°C) is the primary cause of deteriorated endurance exercise performance in the heat [45] . Increasing the skin temperature with the aid of a water-perfused suit has consistently impaired endurance exercise capacity [46] and performance [47] despite similar core temperatures. Further, self-paced time trial performance was significantly deteriorated in hot environmental conditions (40 vs. 20°C) alongside significant increases in skin temperature (36 vs. 30°C), but without differences in core temperature (38.2°C) [48] . Further, a recent meta-analysis demonstrated an average skin temperature decrease of 0.8°C with mid-cooling across all investigations [6] , but despite these findings, the majority of cooling research has focused on changes in the core temperature [4, 6] . Hot skin has been proposed to increase the demand for skin blood flow to aid cooling, reducing cardiac filling and, thus, increasing the demand on the heart for a given cardiac output [45] . While a mid-cooling investigation has not considered the effects on cardiac filling and subsequent muscle blood flow and oxygenation, it is likely that such a strategy causing significantly lower skin temperature throughout exercise in hot conditions would have a performance enhancing effect. However, it is important to consider that severe cooling of the periphery (\27°C) may significantly decrease intramuscular temperature, which is known to slow enzymatic processes and nerve conduction, reducing the rate of force development and muscular endurance [49] .
Critical Core Temperature and Central Nervous System Adjustments
It has previously been proposed that a high core temperature ([40°C) has a debilitating effect on the central nervous system's capacity to provide motor drive for exercise performance, known as the critical core temperature hypothesis [50] . Original studies demonstrated that subjects terminated exercise at a core body temperature of 40°C despite altered initial temperature [46] and, further, maximal voluntary contraction force was significantly impaired at a core temperature of 40°C compared with 38°C [50] . The critical core temperature hypothesis has since been abandoned by the original authors [51] and demonstrated to be incorrect from field data [52] , where high inter-individual variance was demonstrated in the body temperatures that inhibited exercise. However, it remains dominant within the pre-cooling literature [6] , and hence, many of the pre-cooling strategies are designed to maximise the reduction in pre-exercise core temperature. While significant reductions in core temperature are common in pre-cooling research [6] , this finding is very rare within the mid-cooling literature (see Tables 2, 3 ). Practitioners should also be aware that there is high variation within the core temperature response to exercise in the heat, even within a homogenous sample of elite athletes [53] . Considering the majority of studies investigating midcooling have demonstrated performance improvements without associated reductions or attenuations in core body temperature, it is plausible that other mechanisms are responsible.
It is well known that hyperthermia reduces the forcegenerating capacity of both exercising and non-exercising musculature, as demonstrated by significant reductions in maximal voluntary contraction amplitude [50] . Muscle activation during dynamic exercise may be reduced in hot conditions due to central fatigue [50] or as a feed-forward down-regulation of muscle drive as anticipatory regulation to avoid catastrophic failure of one or more body systems [54] . These effects may be attenuated with cooling since muscle activity (integrated electromyography) was significantly increased following facial water spraying and, separately, cold-water immersion during a running time trial [7] . Separately, the post-exercise ingestion of ice slurry in a hyperthermic state also significantly increased maximal voluntary contraction torque of the elbow flexors [55] . Conversely, others have observed no changes in maximal voluntary contraction force, superimposed force and peak twitch force following pre-cooling [56, 57] . Hence, the effect of cooling on muscle activation is somewhat equivocal.
Several researchers have alluded to other central nervous system mechanisms of performance improvement with mid-cooling [7, 15, 20, 27] . Specifically during exercise in the heat, central fatigue may be caused by inhibition of brain areas responsible for motor activation [58] , reduced cerebral blood flow [59] , and a low serotonin:dopamine ratio in the hypothalamus [60] , and cooling may mitigate these effects. While the above responses are difficult to measure, prolactin has been used as a secondary measure of serotonin and dopamine (neurotransmitter) activity since serotonergic and dopaminergic neurons in the brain stem stimulate and inhibit pituitary gland prolactin secretion, respectively [61] . While cold fluid ingestion [16] or wearing a neck cooling collar during exercise [27] did not significantly affect blood prolactin concentration, 
significantly lower concentrations have been observed following facial mid-cooling during steady-state exercise [15, 62] and the combination of facial water spraying and menthol mouth rinse during a running time trial [8] . Based on Tables 2, 3 , facial cooling is one of the most effective methods of mid-cooling, and future research should characterise a dose-response relationship for various facialcooling techniques.
Psychophysiological Adjustments
The mechanisms associated with performance improvements from cooling may also have a psychophysiological component. Improved thermal sensation and thermal comfort are common responses following mid-cooling (see Tables 2 and 3) , and these alterations have been demonstrated alongside improved performance on several occasions [14, 24, 63] . In support of these observations, the application of menthol via a mouth rinse [32] or topical gel [19] acts to decrease thermal sensation and improve exercise performance without any physical effect on body temperature. It is proposed that cold receptors located in the skin and along the gastrointestinal tract act to lower the perception of thermal sensation when in contact with a cold stimulus [37] . Specifically, cooling the areas of the head [15, 19] and neck [25, 27] appears to induce sizeable performance improvements, perhaps due to a greater density of cold-sensitive thermal afferents in these areas [64] . Finally, mid-cooling can also reduce ratings of perceived exertion during endurance exercise tasks [15, 17, 20, 34] . Such changes are evidence for decreased perception of overall thermal and exercise strain, which may permit an increase in self-selected work output to match an anticipated psychophysiological strain at the end of exercise [37] . However, cooling strategies that cause a false sense of lowered thermal perception or perceived exertion may cause an athlete to extend themselves beyond normal thermoregulatory limits, exposing them to a greater risk of heat-related illnesses. While no adverse effects have been documented within the literature, caution must be exercised when employing such techniques.
Practical Considerations for Mid-cooling
Many of the aforementioned mid-cooling methods represent highly practical strategies for use during endurance competition. Neck cooling collars can be worn with little restriction to body movement, although some athletes may find them uncomfortable or irritating [25] . Cold fluid can be accessed during most endurance sports, and the development of silicone drink bottles with a wide nozzle has allowed access to ice slurry during cycling-based competitions [65] , especially where athletes have the support of a team car. Even when an ice slurry mixture is consumed in the early stages of a simulated triathlon, it can help maintain intensity at the end of the event [63] . However, ice slurry beverages typically cannot be accessed in other competitions where support is not allowed during very long duration events (e.g. Ironman triathlon), but these athletes are usually provided with ice, cold water and sponges at aid stations that could be applied to the body during the event. It should also be noted that previous research has demonstrated that drinking ice slurry during cycling can result in gastrointestinal discomfort to a level of 'uncomfortable' (75/100) in some athletes [63] . Therefore, individuals should experiment with ice slurry and large volumes of cold fluid ingestion prior to competition to ensure discomfort does not occur at race intensity.
The application of cooling garments may also have practical limitations. Such garments likely restrict movement, increase air resistance and augment subsequent drag. Further, the positive cooling effects may not prevail over the additional weight added to the athlete, which can have a detrimental effect on endurance performance [66] . Importantly, current research on the application of a heavy ice vest assessed stationary cycling performance [12] , which did not consider these limitations that occur in the field. Further research is needed on lightweight cooling garments that minimise such consequences, while still improving the cardiovascular and perceptual responses to endurance exercise [28] . Another important consideration is that the use of some of these strategies may be against the regulations of certain sports. It is likely that these practical considerations have contributed to the lack of research on the topic of mid-cooling to date, especially in relation to elite athletes for whom the benefits are likely to be small. However, a lack of research may have also slowed the development of more practical cooling aids to use during exercise; for example, lightweight active cooling clothing or headwear.
The majority of mid-cooling research to date has studied recreational level athletes with a VO 2max of 50-60 mLÁkg -1 Ámin -1 (see Tables 2, 3, 4) . In contrast, the mean VO 2max of 68 elite cross-country skiers was shown to be 84 mLÁkg -1 Ámin -1 [67] . Hence, current mid-cooling research cannot be translated to elite performers. It is likely that the effect size of the cooling interventions would be reduced as subject ability increases. Reasons for this effect are multidimensional, but importantly for cooling research, athletes with greater aerobic fitness have a slower rate of rise of skin temperature, are better able to tolerate high core temperatures and lose heat via an increased sweating capacity during exercise in the heat [68] , potentially reducing the positive effects of cooling. On a related note, recent evidence suggests exercise pain tolerance is an important aspect of endurance performance [69] , and therefore, elite performers may be less affected by increasing thermal sensation and the associated thermal discomfort. As such, it is important for the results described previously within the mid-cooling research to be taken with caution when translating to elite sports practice, and research is required to determine any positive effect that mid-cooling interventions may have on these performers.
Directions for Further Research
While many studies have investigated the effects of different cooling interventions, few investigations have made comparisons between interventions or assessed the combination of multiple interventions. Most importantly, research that drives developments in technology, for example, the availability of lightweight active cooling garments and headwear, may be most beneficial. Comparisons between pre-and mid-cooling, as well as the combination of these strategies, are also required to determine the best strategy for athletes. When practical, such research should include comparisons between preand mid-cooling of the same intervention and dose. Assessments of any dose-response relationship of various mid-cooling strategies on exercise performance would also be a beneficial addition to the literature.
This review has identified that the majority of midcooling studies have recruited recreational level subjects (see Tables 2, 3 ), without any investigation on sub-elite or elite athletes. Hence, future research should be conducted on highly trained athletes competing at an elite national or international level, to determine the potential effect (if any) for this population. It should also be noted that the majority of subjects across the different studies were unacclimatised to exercise in hot conditions, which contradicts current recommendations for competing in the heat [3] . A recent investigation demonstrated that the beneficial effects of pre-cooling were almost completely diminished following an 8-day heat acclimation programme [70] , and similar consequences may be apparent for mid-cooling. Hence, future research should also consider using heat-acclimatised subjects to avoid exaggerated performance improvements when compared with those following evidencebased practice.
There is a need for cooling researchers to implement ecologically valid testing protocols that simulate sports competition. The majority of mid-cooling studies to date have implemented time to exhaustion protocols (see Tables 2, 3) , which are known to demonstrate both poor reliability and validity compared with time trial protocols that more closely replicate the demands of endurance sports [23] . Further, researchers must consider the use of an appropriate facing wind speed, warm up and race specific hydration practices [23] . This review has identified that few investigations have applied realistic facing wind speed during laboratory studies (see Tables 2, 3) , which is known to cause artificial increases in body temperature and overestimate the beneficial effects of a cooling intervention [71] .
Finally, recent studies around the use of menthol to investigate the psychophysiological aspects of fatigue warrant further research. More investigations are needed to confirm the notion that lower thermal sensation alone can improve exercise performance in the heat. Similarly, artificially increasing the thermal sensation within the training environment (without concurrent increases in body temperature) may be a useful training strategy to prepare for competition in the heat. Investigation into this psychophysiological aspect of fatigue would be complemented by the measurement of other central nervous system factors that have not been put forward within the current midcooling literature. Such factors include electroencephalogram activity, cerebral blood flow, cerebral oxygenation and temperature as well as the concentration of dopamine and serotonin in the brainstem.
Practical Recommendations
Athletes are recommended to experiment with a range of mid-cooling strategies that suit their event, including the ingestion of cold fluids and ice slurry, both with and without menthol, as well as cooling of the neck and face region via a cooling collar or water poured on the head and face. To maximise cooling, however, it is more beneficial to pour cold water (1°C) on the body than to ingest it, assuming at least 15 % of the water evaporates off of the skin [72] . Athletes should also experiment with different volumes of fluid and ice slurry as well as various concentrations of menthol to determine tolerable limits and performance benefits. Indeed, all attempts at mid-cooling should be trialled thoroughly within simulated competition scenarios to ensure no adverse consequences occur at race intensities. Cyclists should take advantage of assistance from support personnel where they can be supplied with ice slurry and ice packs, while triathletes should take advantage of aid stations where they can douse their head and face in water.
Conclusions
The use of mid-cooling strategies can minimise the negative influence of heat stress on endurance exercise capacity and performance. A range of effective and practical mid-cooling strategies has been demonstrated for endurance sports competition, and the combination of pre-cooling and mid-cooling has also been effective, but few comparisons exist between the timing and type of interventions. Based on the current evidence, the effect of mid-cooling on core temperature appears largely irrelevant to any subsequent performance improvement, while cardiovascular, central nervous system and psychophysiological factors may be of greater importance. Research is lacking on elite athletes, and as such, it is currently unclear how this population may benefit from mid-cooling.
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